University of Alabama in Huntsville

LOUIS
Honors Capstone Projects and Theses

Honors College

Spring 2015

The Effects of Energy Drinks on College Students Ability to
Concentrate and Study
Tanvi Singh

Follow this and additional works at: https://louis.uah.edu/honors-capstones

Recommended Citation
Singh, Tanvi, "The Effects of Energy Drinks on College Students Ability to Concentrate and Study" (2015).
Honors Capstone Projects and Theses. 581.
https://louis.uah.edu/honors-capstones/581

This Thesis is brought to you for free and open access by the Honors College at LOUIS. It has been accepted for
inclusion in Honors Capstone Projects and Theses by an authorized administrator of LOUIS.

Table of Contents
Abstract
...................................................... 1
Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
Approach
.....................................................5
Materials
........................ .............................6
Method
.......................................................6
Results, Calculations, and Discussion
..............................9
Heart Rate, Systolic Blood Pressure, and Diastolic Blood Pressure
.....9
Calculations
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Fischer’s Exact Test
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Chi-Square Test. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
Electrocardiogram (ECG) Results. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
Reaction Test
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .15
Conclusion
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

18
References
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
Appendix I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
Appendix II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
Appendix III . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .24
Appendix IV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .25

Abstract
This study explored the relationship between energy drink consumption among
college students and the physiological effects caused by the energy drink. Twenty
four college students, twelve female and twelve male, ranging from the ages 19-24
were studied. Individuals consumed Red Bull energy drink and participated a series
of procedures that included heart rate and blood pressure readings, push button
reaction test, and electrocardiogram (ECG) recording. The procedures were
performed at three time intervals: 0 minutes, 30 minutes after Red Bull
consumption, and 60 minutes after Red Bull consumption. The results illustrated
increased heart rates, systolic blood pressure, diastolic blood pressure, faster
reaction times, and constant ECG waves throughout the course of Red Bull
consumption.
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Introduction
Energy drinks are consumed to enhance performance and boost energy. College
students consume energy drinks to combat insufficient sleep, increase energy to
study, and drink recreationally at social gatherings. Side effects caused by energy
drink consumption include headaches, heart palpitations, energy highs, crashes,
and dental decay (Sullivan, n.d.). Researchers urge caution towards energy drinks
because many teens mix energy drinks with alcohol. Since alcohol is a nervous
system depressant, mixing energy drinks can mask the effects of the alcohol so the
drinker believes they have consumed less alcohol than they really have (Sifferlin,
2013).

The ingredients in a typical energy drink include sugar, caffeine, guarana, taurine,
B vitamins, and ginseng (Sifferlin, 2013). Sugar can be in the form of sucrose,
glucose, or high fructose corn syrup. Sugar content in an energy drink can range
from 21 mg to 34 mg per 8 fl oz. So, those who consume two to three energy drinks
regularly can be at risk of developing obesity and dental decay (Sifferlin, 2013).
Caffeine, a nervous system stimulant, is the primary ingredient. Caffeine
increases alertness, heart rate, enhances mood, and improves memory.
Concentrations of caffeine in 8 - 12 fl oz energy drinks range from 72 - 150 mg.
Guarana is a plant from South America that contains the caffeine compound
guaranine. The interesting fact is that one gram of guarana is equal to 40 mg of
caffeine and this count is typically not included in the total caffeine tally on the
energy drink Nutritional Facts (Sifferlin, 2013). However, the Food and Drug
Administration (FDA) has not assessed the risks and benefits for guarana. Taurine
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is one of the most common amino acids in the body. It supports brain development
and regulates mineral and water levels so taurine can be beneficial to athletic
performance as well. There is no clear evidence that taurine levels in energy drinks
are unhealthy or beneficial to the human body (Sifferlin, 2013). B vitamins can
improve mood and fight heart disease and cancer though the levels in an energy
drink are not significant enough. Ginseng is said to strengthen immunity and
improve mood though, like the vitamin B, there is not enough of this ingredient in
the energy drink to really offer these health benefits. Although, the American
Cancer Society does advise caution to use ginseng as it has been linked to increased
risk of insomnia, headache, and hypertension, and can cause adverse effects with
certain medications (Sifferlin, 2013 ).

In this research project, we studied physiological effects caused by energy drinks.
To relate energy drink consumption to physiological effects, many variables were
measured: heart rate, blood pressure, electrocardiogram, and reaction time. Heart
rate, or pulse, is the number of times the heart beats per minute (BPM). Normal
heart rate depends on the individual’s age, gender, physique, heart conditions, and
whether the individual is resting or moving.

Blood pressure, according to dictionary definition is the pressure of the blood in
the circulatory system. When the heart beats, it creates pressure that pushes the
blood through a network of arteries and veins. Blood pressure is related to the
force and rate of the heartbeat, and the diameter and elasticity of the arterial walls.
There are two forces that result in blood pressure. The first force, systolic blood
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pressure, occurs as the blood pumps out to the rest of the circulatory system. This
is when the heart muscle contracts. The second force, diastolic blood pressure,
occurs when the heart rests between heart beats (American Heart Association,
2014). During this time, the heart is re-filling with blood. These forces are
represented in the blood pressure readings. The systolic blood pressure is the top
number and the diastolic blood pressure is the bottom number: 117/79 mmHg. The
reading is read 117 over 79 millimeters of mercury. According to the American
Heart Association, blood pressure is maintained by a well balanced diet, physical
activity, avoiding tobacco use, limiting alcohol consumption, stress control, and
weight control (2014).
Figure 1
ECG Wave
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Electrocardiogram, or ECG, measures the
electrical activity of the heart. The ECG is
illustrated in waves called the PQRST waves.
Figure 1 demonstrate a typical ECG wave. Each
letter represents a part of the whole ECG wave.
Every heart beat starts with an electrical signal
from the sinoatrial node. The signal then
travels and spreads to the right and left atrium
of the heart. The P wave represents atrial depolarization of the heart. This is when
the heart’s atria contract blood to the ventricles. The electrical signal then arrives
at the atrioventricular node where the signal slows to allow both ventricles to fill
with blood. This event marks the P-Q segment. At the Q wave the electrical signal
then spreads to the ventricles through the heart’s fibers. Both ventricles then
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contract. The left ventricle contracts a moment before the right ventricle. The R
wave represents the contraction of the left ventricle. This is when the blood pumps
out of the aortic valve to the rest of the circulatory system. The S wave marks the
contraction of the right ventricle. This is when the blood pumps out the pulmonary
valve into the lungs. As the electrical signal passes, the walls of the ventricles relax
and await the next signal. This represents the T wave (National Institute of Health,
2010).

The energy drink studied in this experiment was Red Bull 8.4 fl oz. This particular
size of Red Bull contains 80 mg of caffeine, taurine, B vitamins, and 27 g of sucrose
and glucose combined (RedBull, n.d.). Studies show that desired effects of energy
drinks occur 30-60 minutes after consumption (Malinauskas, 2007).

Approach
Twenty four college students, twelve female and twelve male students, ranging
from ages 19 - 24 years old were sampled in this research project. Data was
gathered by measuring heart rate, blood pressure, electrocardiogram (ECG) waves,
and a simple push button Reaction Test. According to the American Heart
Association, the normal heart rate range is 60 - 100 beats per minute. Normal
blood pressure reading is 120 systolic and 80 diastolic mmHg. Although, normal
blood pressure readings can alternate according to age, gender, and physique. The
electrocardiogram (ECG) waves will show the electrical activity of the heart
throughout the procedure.The Reaction Test will show how focused the students’
brain will be throughout the procedure.
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After drinking on 8.4 fl oz can of Red Bull, college students should experience
increased heart rates, increased blood pressure, more intense ECG waves, and
faster reaction times. Because of the caffeine, the blood pressure and heart rate
should increase over the course of the experiment. The added taurine with the
caffeine should increase alertness over time as well. The null hypothesis is that the
Red Bull will not affect fifty percent of the participants. The alternative hypothesis
is that Red Bull will affect more than fifty percent of the participants.

Materials
The software used to collect data from the reaction tests and ECG was the BSL
Lessons by BIOPAC Systems, Inc. The materials included: an automatic blood
pressure monitor, BIOPAC Systems channel hardware, electrocardiogram leads
(SS2L) by BIOPAC, BIOPAC headphones, button for the reaction test (SS10L) by
BIOPAC, BIOPAC electrodes, Red Bull 8.4 fl oz cans, and computers.

Method
The study was first approved by the University of Alabama in Huntsville
Institutional Research Board (Appendix I). Students attending the experiments
first signed waivers (Appendix II). College students were contacted to participate
by word of mouth. The experiment for each participant lasted approximately for 90
minutes.
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The experiment consisted of a series of three procedures performed at time 0
minutes, 30 minutes after energy drink consumption, and 60 minutes after energy
drink consumption. The procedures included: blood pressure and heart rate
readings followed by reaction test, and finally electrocardiogram (ECG) recording.
During the experiment, students first rested for five to ten minutes so blood
pressure and heart rate readings would be accurate at resting. The students’ blood
pressure and heart rate readings were then taken with a blood pressure monitor.

Next, the students were taken to a computer to participate in the reaction test. The
students were instructed to put on a pair of headphones and hold a button - both
of which were connected to the appropriate channels on the BIOPAC hardware. The
reaction test measured the amount of time the students took to respond to a series
of random clicks coming from the headphones. Under BSL Lessons, the lesson
React was chosen. The software first calibrated with each participant so the sound
output and button input was tested. Then the recording was started. During the
recording, the student was not allowed to look at the computer screen. They could
either have their eyes closed or were positioned away from the screen. At a
recording segment, the system gave a series of ten random clicks through the
headphones. The students were instructed to push the button as quickly as they
could after hearing the click. After ten random clicks, the system would pause until
recording was restarted manually for a consecutive segment. For each recording of
the reaction test data, the students performed three segments of the reaction test
to keep reaction times statistically modest.
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Then, the ECG recording was taken for each student. First, three electrodes were
attached: one on to the base of each wrist, right and left, and third on the inside of
the ankle. The leads were then attached to the electrodes. The white lead was
attached to the right electrode. The red lead was attached to the left electrode. The
black lead was attached to the ankle electrode. On the computer, under BSL
Lessons, ECG-1 was selected as the program for recording. The students were
instructed to breathe normally and sit upright on the chair with both arms resting
on the chair handles with legs upright on the floor. The program first calibrated
and then the ECG was recorded for 40 seconds.

After the ECG recording, the students were instructed to drink a full 8.4 fl oz can of
Red Bull. The time of consumption was noted and the students waited for 30
minutes from time of consumption. After 30 minutes, the procedures were
repeated: blood pressure and heart rate reading, reaction test of three segments,
and ECG recording for 40 seconds. The students then waited for the 60 minute
mark after consumption and the procedures were repeated once more: blood
pressure and heart rate readings, reaction time of three segments, and ECG
recording for 40 seconds. This marked the end of the experiment. All the data was
written on a data sheet (Appendix III) and the participants were asked to fill out a
short survey (Appendix IV).
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Results, Calculations, and Discussion
Heart Rate, Systolic Blood Pressure, and Diastolic Blood Pressure
Table 1 below illustrates the number of participants that experienced increases
heart rates, systolic blood pressure, and diastolic blood pressure over the three
time intervals.

Table 1
Participants that experienced increased heart rate and blood pressure.
Heart Rate (BPM)

Systolic BP (mmHg)

Diastolic BP (mmHg)

Gender

Male

Female

Male

Female

Male

Female

#

6

9

8

10

10

9

Totals

13 out of 24 (54%)

18 out of 24 (75%)

19 out of 24 (79%)

Table 2 below shows the heart rate and blood pressure data collected through the
course of the experiment. The categories of the table include heart rate, systolic
blood pressure, and diastolic blood pressure. For each category, the data for the
corresponding participant is present in the 0 minute, 30 minute, and 60 minute
intervals.
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Table 2
Heart Rate, Systolic Blood Pressure, and Diastolic Blood Pressure Data.
#

Heart Rate (BPM)

Systolic BP (mmHg)

Diastolic (mmHg)

0 min

30 min

60 min

0 min

30 min

60 min

0 min

30 min

60 min

1

65

62

63

124

147

153

78

71

72

2

65

54

70

114

112

108

68

71

66

3

44

48

55

135

123

132

70

74

68

4

99

82

77

123

115

104

79

76

70

5

73

69

77

100

101

104

63

61

68

6

98

85

94

143

132

132

77

80

80

7

80

64

66

116

116

122

66

69

70

8

73

83

69

121

122

124

74

80

75

9

76

74

80

97

99

103

60

64

65

10

94

78

105

128

149

125

87

73

86

11

71

70

73

138

136

136

88

102

81

12

68

58

55

127

119

125

74

79

79

13

62

68

73

107

101

95

68

73

66

14

65

74

82

134

130

135

82

95

92

15

70

81

80

132

136

122

80

83

87

16

86

76

80

122

122

125

79

77

80

17

74

75

77

127

140

131

79

80

78

18

61

60

56

148

136

129

82

82

79

19

74

60

60

106

99

102

66

61

64

20

65

64

64

106

110

114

75

78

74

21

84

71

74

120

128

123

80

77

76

22

70

78

77

100

112

128

69

75

79

23

77

80

85

101

120

115

69

81

81

24

53

43

48

118

118

129

57

66

67
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Calculations
The calculations performed to analyze the experiment included Fischer’s Exact
Test and Chi Square Test for statistical significance between observed and expected
values.
Fischer’s Exact Test
The experiment was performed with twelve female and twelve male college
students. Many times gender differences can influence results because of
physiological differences. Fischer’s Exact Test was performed to show that there
was no statistical significance between genders. Figure 2 shows the Fischer’s
equation and contingency table. Tables 3, 4, and 5 show the appropriate
contingency tables followed by Fischer’s Exact Tests performed for heart rate,
systolic blood pressure, and diastolic blood pressure.

Figure 2 
Fischer’s Exact Text Equation and Contingency Table.

Contingency Table:
Category 1

Category 2

Totals

Group 1

a

b

a+b

Group 2

c

d

c+d

Totals

a+c

b+d

n=a+b+c+d
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Table 3
Heart Rate Contingency Table.
Increased BPM

No change

Totals

Male

5

7

12

Female

8

4

12

Totals

13

11

24

Significance level 0.05
p = 0.4136
The result is not significant at p < 0.05.
Table 4 
Systolic Blood Pressure Contingency Table.
Increased SBP

No change

Totals

Male

8

4

12

Female

10

2

12

Totals

18

6

24

Significance level 0.05.
p = 0.6406
The result is not significant at p < 0.05.

Table 5
Diastolic Blood Pressure Contingency Table.
Increased BPM

No change

Totals

Male

10

2

12

Female

9

3

12

Totals

19

5

24

12

Significance level 0.05.
p=1
The result is not significant at p < 0.05
.

Chi-Square Test
The Chi-Square Test was performed to test the null hypothesis. This test
compared the observed data to the hypothesized values. It was hypothesized that
Red Bull will affect fifty percent, or twelve participants. Figure 3 shows the
equation for the Chi-Square Test. The probability, or p value, was analyzed with a
standard t-table. The degrees of freedom was 23.
Figure 3
Chi-Square Equation

The following Chi-Square Test calculations show the statistical significance of the
heart rate and blood pressure data:

1. Heart Rate
X2
= 0.75
0.20 < p < 0.25
The result is not statistically significant because p is greater than the
significance value of 0.05.
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2. Systolic Blood Pressure
X2
=3
0.025 < p < 0.005
The result is statistically significant because p is less than the significance
value of 0.05.

3. Diastolic Blood Pressure
X2
= 4.08
p < 0.0005
The result is statistically significant because p is less than the significance
value of 0.05.

Electrocardiogram (ECG) Results
The ECG graphs showed little to no change for the PQRST waves. The waves did not
fluctuate immensely after drinking the Red Bull at the 30 minute and 60 minute
intervals. Outlier graphs that did show difference were not considered because the
BIOPAC ECG equipment is not as accurate as hospital ECG machines. The following
figures are examples of an ECG graph taken at the three time intervals for a
participant. This data shows that Red Bull did not affect the electricity patterns of
the heart.
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Figure 4
ECG waves at 0 mins.

Figure 5
ECG waves at 30 mins.

Figure 6 
ECG waves at 0 mins.

Reaction Test
Three segments of the reaction test were measured for each time interval: 0
minutes, 30 minutes, and 60 minutes. The mean of the three measurements for
each segment was calculated. The means for each segment were then graphed to
analyze trends. Table 6 shows the mean reaction time in seconds taken by each
participant during each time interval.
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The following chart (Figure 7) illustrates the trends of the reaction times. The x
axis shows the time intervals. The y axis shows the mean reaction time in seconds
for each time interval. The t-test was performed to test for the significance
between the time intervals. The level of significance again is p<0.05 or 95%. The
first test compared the 0 min interval to the 30 min interval. The p value calculated
to be 0.0550 which demonstrated that reaction times from 0 min to 30 min
intervals were not significant. The t-test performed with the 0 min and 60 min
comparison showed a p value of 0.0115. The intervals of 0 min and 60 min
compared to be statistically significant.
Figure 7
Graph showing the difference of mean reaction times.
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Table 6
Reaction Test Data.
Participant

0 Minutes

30 Minutes

60 Minutes

1

0.239 secs

0.207 secs

0.200 secs

2

0.221 secs

0.199 secs

0.190 secs

3

0.242 secs

0.221 secs

0.224 secs

4

0.231 secs

0.216 secs

0.206 secs

5

0.238 secs

0.209 secs

0.223 secs

6

0.244 secs

0.263 secs

0.216 secs

7

0.237 secs

0.229 secs

0.211 secs

8

0.241 secs

0.221 secs

0.212 secs

9

0.313 secs

0.281 secs

0.254 secs

10

0.206 secs

0.213 secs

0.230 secs

11

0.220 secs

0.263 secs

0.242 secs

12

0.207 secs

0.180 secs

0.165 secs

13

0.261 secs

0.208 secs

0.216 secs

14

0.426 secs

0.279 secs

0.281 secs

15

0.171 secs

0.171 secs

0.168 secs

16

0.206 secs

0.196 secs

0.191 secs

17

0.192 secs

0.213 secs

0.197 secs

18

0.157 secs

0.176 secs

0.177 secs

19

0.173 secs

0.177 secs

0.176 secs

20

0.181 secs

0.176 secs

0.182 secs

21

0.191 secs

0.212 secs

0.198 secs

22

0.184 secs

0.171 secs

0.175 secs

23

0.378 secs

0.203 secs

0.203 secs

24

0.203 secs

0.196 secs

0.196 secs
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Conclusion
The heart rate data showed that 54% of the participants experienced increased
heart rates from time 0 minutes to 60 minutes. The Chi-Square Test, however,
indicated that the expected and observed values are not statistically significant
because p is greater than the significance value of 0.05. Moving on to the systolic
blood pressure, 75% of participants experienced increased systolic blood pressure.
Moreover, 79% of participants experienced increased diastolic blood pressure. The
Chi-Square Test indicated that both systolic and diastolic data comparing the
observed and expected values was statistically significant as the p value was less
than the significance level of 0.05. Factors contributing to the heart rate and blood
pressure data could include caffeine sensitivity, time of day, body physique, and
diet.

The ECG waves, as mentioned earlier, did not show significant fluctuation of
electrical changes of the heart. Since the ECG software was not deemed as accurate
as a hospital ECG machine, the three outliers that showed significant difference
were not considered. The Reaction Test results illustrated a positive trend as the
participants demonstrated faster reaction times after consuming the Red Bull. The
time intervals of 0 min and 60 min showed a statistical significance as the
calculate p value of 0.0115 was smaller than the level of significance of 0.05.
Factors contributing to the Reaction Test results could include time of day, stress
levels, and competitiveness to perform better on consecutive test segments.
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Students on the survey expressed side effects from the Red Bull consumption. As
mentioned, energy drinks are shown to cause side effects such as feeling of
nervousness, crashes, urination, increased focusness, and increased distraction.
The feeling of nervousness was experienced by 60% of participants. Since caffeine
is a central nervous stimulant, rising heart rates could have influenced the feeling
of nervousness among the participants. Energy crashes from the Red Bull were felt
by 40% of participants. The Red Bull contains 27 grams of sugar. After attaining a
“sugar high” from the drink, the participants experience a crash in energy.
Urination was reported by 27% of the participants. Caffeine is a diuretic so the 27%
of the participants reported urination immediately after 60 minutes from
consumption. Most interestingly, there was a split of 50%-50% between
participants who felt increased focusness and increased distraction while on the
Red Bull. The taurine and the B vitamins in the Red Bull contributed towards
increased focusness. The caffeine and sugar high from the Red Bull contributed
towards increased distraction. None of the participants experienced headaches or
migraines caused solely by the Red Bull.

There are several improvements that could be made to gain better results from this
experiment. For instance, all participants should come to experiment at a standard
time. The time of day such as morning or afternoon can affect physiological
systems. For example, the student might be more tired in the afternoon than the
morning. Participants should be chosen for the experiment based on caffeine
sensitivity. Those who regular caffeine consumers will not have the same results as
those who intake caffeine rarely. Setting more guidelines to the experiment can
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also make for better results. Such as taking into account physical qualities like
height and weight can shed light on how different student body types react to
energy drinks.

In short, the heart rate Chi-Square Test fails to reject the null hypothesis. The
systolic and diastolic blood pressure data fail to accept the null hypothesis.
Reaction Test data showed faster reaction time while on Red Bull at time intervals
compared at 0 min and 60 min. ECG recording showed constant waves.
Participants noted of several side effects. Red Bull demonstrated many
physiological effects on the 24 studied college students.
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